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1
Kenig-Ponce-Vega ([6]) $l\mathrm{h}$ , Bourgain $\text{ }$ Fourier restriction norm,
(1.1) $||f.||_{X_{s,b}}=||(1+|\tau-\xi^{2}|)^{b}(1+|\xi|)^{s}|\hat{f}(\xi, \tau)|||_{L^{2}(\mathbb{R}^{2})}$ ,
( $\hat{f}$ $f$ Fourier ) , $s>-3/4$ , ,
(1.2) $||fg||_{X_{s,b-1}}$ $\leq$ $c||f||_{X_{s,b}}||g||_{X_{s,b}}$ ,
(1.3) $||\overline{f}\overline{g}||_{X_{e,b-1}}$ $\leq$ $c||f||_{X_{s,b}}||g||_{X_{s,b}}$ ,
( , $b>1/2$ )
, $u(x, 0)=u_{0}(x)\in H^{s}(\mathbb{R}),$ $s>-3/4$ , $N(u,\overline{u})=u^{2}$
, $N(u,\overline{u})=\overline{u}^{2}$ , Schr\"odinger
(1.4) $\partial_{t}u=i\partial_{x}^{2}u+N(u,\overline{u}),$ $x,t\in \mathbb{R}$,
, $s<-3/4$ (1.2) (1.3)
.




1 $\rho$ $\mathbb{R}_{+}$ , $b\in \mathbb{R},$ $1\leq p\leq\infty,$ $1\leq q\leq\infty,$ $P(\xi)$ $\mathrm{C}^{\infty}$




, $B\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}^{b}\ovalbox{\tt\small REJECT}(\mathbb{R}^{d+1})$ $fcS(\mathbb{R}^{d+1})$ .
{ , $\rho(t)\ovalbox{\tt\small REJECT} t^{s}$ $B\ovalbox{\tt\small REJECT}.\ovalbox{\tt\small REJECT}^{\ovalbox{\tt\small REJECT}}\ovalbox{\tt\small REJECT}_{\mathrm{j}}(\ovalbox{\tt\small REJECT}(\mathbb{R}^{d+1})$ .
, $\ovalbox{\tt\small REJECT}_{k}(\xi, \tau)\ovalbox{\tt\small REJECT}\varphi_{j}(|\xi\mapsto\varphi_{k}(\tau-P(\xi))\ovalbox{\tt\small REJECT}(\xi, \tau))$ , $\varphi_{j}(z),j\ovalbox{\tt\small REJECT} 0,1,$ $\cdots$
$zarrow \mathbb{R}$ $\mathrm{C}^{\sim}$ .
$\varphi_{j}(z)=\varphi_{j}(-z),\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\varphi_{0}\subset\{z;|z|<2\},\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\varphi_{1}\subset\{z;1<|z|<4\}$ ,
$\varphi_{k}(z)=\varphi_{1}(2^{-k+1}z),$ (for), $k \geq 1\sum_{j=0}^{\infty}\varphi_{j}(z)=1$ .
, $\ell^{q}$ $(j, k)$ I $\ell^{q}$ .
:
1 $\alpha$ c , $|\partial_{\xi}^{\alpha}P(\xi)|\leq c_{\alpha}(1+|\xi|)^{\nu-|\alpha|}$
$\nu\geq 1$ , $B_{p,q,P}^{(\rho,b)}(\mathbb{R}^{d}\cross \mathbb{R})$ Banach , $p<\infty,$ $q<\infty$
$S(\mathbb{R}^{d+1})$ $B_{p,q,P}^{(\rho,b)}(\mathbb{R}^{d+1})$ .
2 $B_{2,1,P(\xi)}^{(\rho,1/2)}(\mathbb{R}^{d+1})\subset C(\mathbb{R};B_{2,1}^{\rho}(\mathbb{R}^{d}))$ .
$t_{0}$ $||f(\cdot, t_{0})||_{B_{2,1}^{\rho}(\mathrm{R}^{d})}\leq||f||_{B_{2_{1}1.P(\xi)}^{(\rho,1/2)}(\mathbb{R}^{d+1})}$.
3 $-3/4\leq s<0,$ $\rho(t)=\log(2+t)t^{s},$ $P(\xi)=\xi^{2}$ $\xi^{2}$ , $Q$ $P$
$-P$ , . , $b>1/2,$ $s’>-3/4$ .
(1.6) $||fg||_{B_{2,\mathrm{i}^{-},P}^{(\rho 1/2)}}$ $\leq$ $c||f||_{B_{2.\mathrm{i}_{Q}}^{(\rho 1/2)}}.||g||_{B_{2,\mathrm{i}_{Q}}^{(\epsilon 1/2)}},$ ’
(1.7) $||fg||_{B_{2,\mathrm{i},P}^{(\cdot-1/2)}}$ $\leq$ $c||f||_{B_{2.1,Q}^{(\epsilon’,1/2)}}||g||_{B_{2,1,Q}^{(\cdot 1/2)}}’.$ ,
(1.8) $||fg||_{B_{2,\mathrm{i},P}^{(\rho-1/2)}}$ $\leq c\{||f||_{B_{2,\acute{1}.Q}^{(\cdot b)}}||g||_{B_{2,\acute{1},Q}^{(\epsilon 1/2)}}+||f||_{B_{2,\mathrm{i}_{Q}}^{(\cdot 1/2)}},|\}g||_{B_{2,\mathrm{i}_{Q}}^{(\epsilon b)}},\}$ ,
$P(-\xi)=P(\xi)$ , $||\overline{f}||_{B_{2,1,P}^{(\rho_{1}1/2)}}=||f||_{B_{2,1,-P}^{(\rho,1/2)}}$ ,
4 $P(\xi)=\pm\xi^{2},$ $\rho(t)=\log(2+t)t^{-3/4}$ ,
(1.9) $||.c_{1}fg+c_{2}\overline{f}\overline{g}||_{B_{2,1,P}^{(\rho,-1/2)}}\leq\{$
$c||f||_{B_{2,\acute{1}.P}^{(\rho 1/2)}}||g||_{B_{2.\mathrm{i}_{P}}^{(\epsilon 1/2)}}.$ ’
$c\{||f||B_{2,\mathrm{i}_{P}.\mathrm{i}_{P}^{1/2)},\mathrm{i}_{P}}^{(\cdot b)},||g||_{B_{2}^{(}}.,+||f||_{B_{2,1,P}^{(\epsilon,1/2)}}||g||_{B_{2}^{(\epsilon b)}},\}$,
. , $b>1/2$ .
5 $\rho$ $\mathbb{R}_{+}$ , $b\in \mathbb{R},$ $P(\xi)$ , $W(t)$
$W(t)f(x):=F_{x}^{-1}e^{1tP(\xi)}.F_{x}f(x, t)$ .
2
(a) $u_{0}CB_{\mathrm{S}}\mathrm{C}_{\mathrm{I}}(\mathbb{R}^{4}),$ $\psi\in B2_{1},(\mathbb{R})$ , $\psi(t)W(t)\eta \mathrm{C}B!\sim(\mathbb{R}^{4}\ovalbox{\tt\small REJECT}^{1})$
$\ovalbox{\tt\small REJECT}$
(1.10) $||\psi(t)W(t)u_{0}||_{B_{2,\acute{1},P}^{(\rho b)}(\mathbb{R}^{d+1})}\leq||u_{0}||_{B_{2,1}^{\rho}(\mathbb{R}^{d})}||\psi||_{B_{2,1}^{b}(\mathbb{R})}$ .
(b) $\psi\in S(\mathbb{R})$ , $b\geq 1/2$ ,
(1.11) $||\psi(t)$
.
$\int_{0}^{t}W(t-t’)f(x, t’)dt’||_{B_{2,\mathrm{i},P(\mathbb{R}^{d+1})}}(\rho b)\leq c||.f||_{B_{2,1,P}(\mathbb{R}^{d+1})}(\rho,b-1)$
. , $c$ $f$ .




$N(u,\overline{u})=c_{1}u^{2}+c_{2}\overline{u}^{2},$ $u(x, 0)=u_{0}(x)\in B_{2,1}^{-3/4}(\mathbb{R})$
. \mbox{\boldmath $\xi$} , $|t|\leq T$
(1.4) $T=T(||u_{0}||_{B_{2,1}^{-3/4}(\mathbb{R})})$ $u(x, t)\in B_{2,1,-\xi^{2}}^{(-3/4,1/2)}(\mathbb{R}^{2})$ j .
2
. :
2.1 $(\Omega_{j}, \mu_{j}),$ $j\cdot=1,2$ , $\sigma$- , $1\leq p\leq q\leq\infty,$ $X$ $Y$
Bansch . $1/p+1/p’=1$ { . $(_{p=1}$. $p’=\infty,$ $p=\mathrm{o}\mathrm{o}$
$p’=1$ ). $K(x, y)$ $(\Omega_{1}\cross\Omega_{2}, \mu_{1}\cross\mu_{2})$ $\mathcal{L}$ ( $X$ , Y)-
, $H_{1}(x, y)$ $H_{2}(x, y)$ ,




$H_{1}$ $H_{2}$ . ,
(2.4) $Tf(x)= \int_{\Omega_{2}}K(x, y)f(y)d\mu_{2}(y)$
$L^{p}(\Omega_{2}, \mu_{2};X)$ $L^{q}(\Omega_{1}, \mu_{1}; Y)$ , $C_{1}C_{2}$
3
. [1] Theorem 63(p. 239), [7] p. 38 .
2.2
$|| \int\int H(\xi,\tau, \xi_{1},\tau_{1})\hat{f}(\xi-\xi_{1},\tau-\tau_{1})\hat{g}(\xi_{1}, \tau_{1})d\xi_{1}d\tau_{1}||_{L^{2}}\leq C||\hat{f}||_{L^{2}}||\hat{g}||_{L^{2}}$
, $C$ ,
$C_{1}= \sup_{\xi_{1},\tau_{1}}$
( $\int|H$($\xi,\tau,$ $\xi_{1}$ ,\mbox{\boldmath $\tau$}1)|2 d\mbox{\boldmath $\tau$})l/2, $C_{2}= \sup_{\xi,\tau}(\int|H(\xi,\tau,\xi_{1},\tau_{1})|^{2}d\xi_{1}d\tau_{1})^{1/2}$
.
. $H_{1}(\xi, \tau, \xi_{1}, \tau_{1})=H(\xi,\tau,\xi_{1}, \tau_{1}),$ $H_{2}(\xi,\tau, \xi_{1}, \tau_{1})=\hat{f}(\xi-\xi_{1}, \tau-\tau_{1})$ { ,
2.1 , $C_{1}||\hat{f}||_{L^{2}}||\hat{g}||_{L^{2}}$ , $H_{1}(\xi, \tau, \xi_{1}, \tau_{1})=\hat{g}(\xi-\xi_{1}, \tau-\tau_{1})$ ,
$H_{2}(\xi, \tau, \xi_{1}, \tau_{1})=H(\xi, \tau,\xi-\xi_{1}, \tau-\tau_{1})$ , 2.1 , $C_{2}||\hat{f}||_{L^{2}}||\hat{g}||_{L^{2}}$
.
3
$\mathrm{C}^{\infty}$ $P$ $f\in S’$ , $\varphi jk,P(\xi, \tau):=\varphi j(\xi)\varphi k(\tau-P(\xi))$ ,
$\hat{f}_{jk,P}(\xi, \tau):=\varphi_{jk,P}(\xi,\tau)\hat{f}(\xi, \tau)$ $\text{ }$ .
3.1 $P,$ $Q,$ $R$ : ,
(3.1) $||f_{jk,P}g_{\ell m,Q}||_{L^{2}}$ $\leq$ $c2^{(k\wedge m+j\wedge\ell)/2}||f_{jk,P}||_{L^{2}}||g_{\ell m,Q}||_{L^{2}}$,
(3.2) $||\varphi_{h}(\xi)\hat{f}_{jk,P}*\hat{g}_{\ell m,Q}||_{L^{2}}$ $\leq$ $c2^{(h+k\wedge m)/2}||f_{jk,P}||_{L^{2}}||g_{\ell m,Q}||_{L^{2}}$ ,
(3.3) $||\varphi_{hn,P}(\xi,\tau)\hat{f}_{jk,Q}*\hat{g}_{\ell m,R}||_{L^{2}}$ $\leq$ $c2^{(h+n)/2}||f_{jk,Q}||_{L^{2}}||g_{\ell m,R}||_{L^{2}}$ ,
‘ , $j \wedge\ell=\min\{j, \ell\}$ .





$\hat{f}_{jk,P}*\hat{g}_{\ell m,Q}(\xi, \tau)=\int\int H_{P,Q}(\xi,\xi_{1},\tau,\tau_{1})\hat{g}_{\ell m,Q}(\xi-\xi_{1}$,\mbox{\boldmath $\tau$}-T f^jk,P(\mbox{\boldmath $\xi$}b $\tau_{1}$ ) $d\xi_{1}d\tau_{1}$ .
4
,$\int\int|H_{P,Q}(\xi, \xi_{1}, \tau, \tau_{1})|^{2}d\xi_{1}d\tau_{1}$ $\leq$ $\int\gamma_{\ell}(\xi-\xi_{1})d\xi_{1}\int\gamma_{m}(\tau-\tau_{1}-Q(\xi-\cdot\xi_{1}))d\tau_{1}$
$\leq$ $2^{\ell+m+4}$
$\int\int|H_{P,Q}(\xi, \xi_{1}, \tau, \tau 1)$ |2 1d\mbox{\boldmath $\tau$}l
$\leq\leq$
$2^{j+m+4} \int\gamma_{j}(\xi_{1})d\xi_{1}\int\gamma_{m}(\tau-\tau_{1}-Q(\xi-\xi_{1}))d\tau_{1}$
. , 22 ,
$||f_{jk,P}g_{\ell m,Q}||_{L^{2}}=\sqrt{2\pi}||\hat{f}_{jk,P}*\hat{g}_{\ell m,Q}||_{L^{2}}\leq c2^{(m+j\wedge\ell)/2}||f_{jk,P}||_{L^{2}}||g_{\ell m,Q}||_{L^{2}}$ .
, , $f_{jk,P}g_{\ell m,Q}=g_{\ell m,Q}f_{jk,P}$ ,
$||f_{jk,P}g_{\ell m,Q}||_{L^{2}}\leq c2^{(k+j\wedge\ell)/2}||f_{jk,P}||_{L^{2}}||g_{\ell m,Q}|[_{L^{2}}$ , (3.1) .
,
$\int\int|\varphi_{h}(\xi, \tau)H_{P,\pm Q}(\xi, \xi_{1},\tau, \tau_{1})|^{2}d\xi d\tau$
$\leq\leq$
$2^{h+m+2} \int|\varphi_{h}(\xi,)|^{2}\gamma_{m}(\tau-\tau_{1}-Q(\xi-\xi_{1}))d\xi d\tau$
, (3.2) , (3.3) ,
$\int\int|\varphi_{hn,P}(\xi, \tau)H_{Q,R}(\xi, \xi_{1},\tau, \tau_{1})|^{2}d\xi d\tau\leq\int|\varphi_{hn,P}(\xi, \tau)|^{2}d\xi d\tau\leq 2^{n+h+2}$ ,
$\int\int|\varphi_{hn,P}(\xi, \tau)H_{Q,R}(\xi, \xi_{1}, \tau, \tau_{1})|^{2}d\xi d\tau\leq\int|\varphi_{n}(\tau-P(\xi))\gamma_{\ell}(\xi-\xi_{1})|^{2}d\xi d\tau\leq 2^{n+\ell+2}$ ,
, $\hat{f}_{jk}*\hat{g}_{\ell m}=\hat{g}_{jk}*\hat{f}_{\ell m}$ { .
32 $P(\xi)=\pm\xi^{2}$ ,
(3.6) $||f_{jk,P}g_{\ell m,P}||_{L^{2}}\leq c2^{(k\wedge m/2)+(k\vee m/4)}||f_{jk,P}||_{L^{2}}||g_{\ell m,P}||_{L^{2}}$ .
, $j \vee\ell=\max\{j, \ell\}$ .
$|j-\ell|\geq 3$ ,
(3.7) $||f_{jk,P}g_{\ell m,P}||_{L^{2}}\leq c2^{(k+m-j\vee\ell)/2}||f_{jk,P}||_{L^{2}}||g_{\ell m,P}||_{L^{2}}$ .



















. , 22 (3.6) .
, $|j-\ell|\geq 3$ . $\gamma_{j}(\xi_{1})\gamma_{\ell}(\xi-\xi_{1})\neq 0$ , $2^{j-1}<|\xi_{1}|<2^{j+1}$ ,
$2^{\ell-1}<|\xi-\xi_{1}|<2^{\ell+1}$ ,
$|2\xi-4\xi_{1}|\geq\{$
$2|\xi_{1}|-2|\xi-\xi_{1}|>2^{j}-2^{\ell+2}\geq 2^{j-1}$ ($j\geq\ell+3$ ),
$2|\xi-\xi_{1}|-2|\xi_{1}|>2^{\ell}-2^{j+2}\geq$
.
$2^{\ell-1}$ ($\ell\geq j+3$ )




$\leq$ $2^{-j\vee\ell} \int\gamma_{k}(\sigma_{1})d\sigma_{1}\int\gamma_{m}(\eta_{1})d\eta_{1}\leq 2^{k+m-j\vee\ell+4}$
6
, (3.7) .
33 $P(\xi)=\pm\xi^{2},$ $Q$ $C^{\infty}$ .
(3.9) $||\varphi_{n}(\tau-P(\xi))\hat{f}_{jk,Q}*\hat{g}_{\ell m,P}||_{L^{2}}$ $\leq$ $c2^{(n+m-j)/2}||f_{jk,Q}||_{L^{2}}||g_{\ell m,P}.||_{L^{2}}$ ,
$(3.10)||\varphi_{n}(\tau-P(\xi))\hat{f}_{jk,Q}*\hat{g}_{\ell m,-P}||_{L^{2}}$ $\leq$ $c2^{(m\wedge n/2)+(m\vee n/4)}||f_{jk,Q}||_{L^{2}}||g_{\ell m,-P}||_{L^{2}}$ .
$|j-\ell|\geq 3$ ,
(3.11) $||\varphi_{n}(\tau-P(\xi))\hat{f}_{jk,Q}*\hat{g}_{\ell m,-P}||_{L^{2}}\leq c2^{(n+m-j\vee\ell)/2}||f_{jk,Q}||_{L^{2}}||g_{\ell m,-P}||_{L^{2}}$.






$\int\int|\varphi_{n}(\tau-P(\xi))H_{Q,P}(\xi, \xi_{1}, \tau, \tau_{1})|^{2}d\xi d\tau$
$\leq\int|\varphi_{n}(\sigma)|d\sigma\int|\gamma_{m}(\sigma-\tau_{1}+P(\xi)-P(\xi-\xi_{1}))|d\xi\leq 2^{n+m-j+4}$
. , (3.5) (3.9) .
, $\eta=\sigma-\tau_{1}+P(\xi)+P(\xi-\xi_{1})$ . $| \frac{d\eta}{d\xi}|=|4\xi-2\xi_{1}|$ ,















$|4\xi-2\xi_{1}|\geq 2|\xi_{1}|-4|\xi-\xi_{1}|>2^{j}-2^{\ell+3}=2^{j-1}$ ($j\geq\ell+4$ ),
$|4\xi-2\xi_{1}|\geq 4|\xi-\xi_{1}|-2|\xi_{1}|>2^{\ell+1}-2^{j+2}\geq 2^{\ell-1}$ ($\ell\geq j+4$ )
, $\eta=\sigma-\tau_{1}+P(\xi)+P(\xi-\xi_{1})$ ,
$| \frac{d\eta}{d\xi}|=|4\xi-2\xi_{1}|\geq 2^{j\vee\ell-1}$ ,
$\int\int|\varphi_{n}(\tau-P(\xi))H_{Q,-P}(\xi,\xi_{1}, \tau, \tau_{1})|^{2}d\xi d\tau$
$\leq\int d\sigma\int|\varphi_{n}(\sigma)|^{2}\gamma_{m}(\sigma-\tau_{1}+P(\xi)+P(\xi-\xi_{1}))|d\xi$
$\leq$ $2^{-j\vee\ell+1} \int|\varphi_{n}(\sigma)|^{2}d\sigma\int\gamma_{m}(\eta)d\eta\leq 2^{n+m-j\vee\ell+5}$ .
. , (3.11) .
3.4 $P(\xi)=\pm\xi^{2},$ $Q$ oe .
$h\leq j\vee\ell-3$ ,
(3.12) $||\varphi_{h}(\xi)\hat{f}_{jk,P}*\hat{g}_{\ell m,P}||_{L^{2}}$ $\leq c2^{(k+m-j\vee\ell)/2}||f_{jk,P}||_{L^{2}}||g_{\ell m,P}||_{L^{2}}$ ,
$h\leq j\vee\ell-4$ ,
(3.13) $||\varphi_{hn,P}(\xi, \tau)\hat{f}_{jk,Q}*\hat{g}_{\ell m,-P}||_{L^{2}}\leq c2^{(n+m-j\vee\ell)/2}||f_{jk,Q}||_{L^{2}}||g_{\ell m,-P}||_{L^{2}}$
.
. $\varphi_{h}(\xi)\gamma_{j}(\xi_{1})\gamma_{\ell}(\xi-\xi_{1})\neq 0$ , $|\xi|<2^{h+1},2^{j-1}<|\xi_{1}|<2^{j+1},2^{\ell-1}$
$|\xi-\xi_{1}|<2^{\ell+1}$ ,
$j>\ell,$ $h\leq j-3$ , $|2\xi-4\xi_{1}|.\geq 4|\xi_{1}|-2|\xi|>2^{j+1}-2^{h+2}\geq 2^{j}$ ,
8
$j\leq\ell,$ $h\leq\ell-3$ , $|2\xi-4\xi_{1}|\geq 4|\xi-\xi_{1}|-2|\xi|>2^{\ell+1}-2^{h+2}\geq 2^{\ell}$.
, (3.8) , $| \frac{d\eta_{1}}{d\xi_{1}}|=|2\xi-4\xi_{1}|\geq 2^{j\vee\ell}$ ,
$\int\int|\varphi_{h}(\xi)H_{P,P}(\xi,\xi_{1},\tau,\tau_{1})|^{2}\not\in_{1}d\tau_{1}$
$\leq$ $\int\gamma_{k}(\sigma_{1})d\sigma_{1}\int|\varphi_{h}(\xi)|^{2}\gamma_{m}(\tau-\sigma_{1}-P(\xi_{1})-P(\xi-\xi_{1}))d\xi_{1}$
$\leq$ $2^{-j\vee\ell} \int\gamma_{k}(\sigma_{1})d\sigma_{1}\int\gamma_{m}(\eta_{1})d\eta_{1}\leq 2^{k+m-j\vee\ell+4}$ .
, (3.12) .
$[]_{arrow}^{arrow}(3.13)$ . $\varphi_{h}(\xi)\gamma_{j}(\xi_{1})\gamma_{\ell}(\xi-\xi_{1})\neq 0$ , $|\xi|<2^{h+1},2^{j-1}<|\xi_{1}|<$
$2^{j+1},2^{\ell-1}<|\xi-\xi_{1}|<2^{\ell+1}$ . ,
$j>\ell,$ $h\leq j-4$ , $|4\xi-2\xi_{1}|\geq 2|\xi_{1}|-4|\xi|>2^{j}-2^{h+3}\geq 2^{j-1}$ ,
$j\leq\ell,$ $h\leq\ell-4$ , $|4\xi-2\xi_{1}|\geq 2|\xi-\xi_{1}|-2|\xi|>2^{\ell}-2^{h+2}\geq 2^{\ell-1}$ .




$\leq$ $2^{-j\vee\ell+1} \int\gamma_{n}(\sigma)d\sigma\int\gamma_{m}(\eta)d\eta\leq 2^{n+m-j\vee\ell+5}$.
, (3.13) .
4 3
$\varphi_{hn,P}(\xi, \tau):=\varphi_{h}(\xi)\varphi_{n}(\tau-P(\xi)),\hat{f}_{jk,Q}(\xi,\tau):=\varphi_{jk,Q}(\xi, \tau)\hat{f}(\xi,\tau)$ { ,
$f= \sum_{j,k}f_{jk,Q},$ $g= \sum_{\ell,m}g_{\ell m,Q}$ ,
(4.1) $fg= \sum_{j,k,\ell,m}f_{jk,Q}g_{\ell m,Q}$ ,
.
$\ovalbox{\tt\small REJECT}$
4.1 $P,$ $Q$ .
$||\varphi_{h}(\xi)\hat{f}_{jk,P}*\hat{g}_{\ell m,Q}(\xi,\tau)||_{L^{2}}\neq 0$ , $h\leq j\vee\ell+2$ .
{ , $|j-\ell|\geq 3$ , $h\geq j\vee\ell-2$ , $h\leq j\vee\ell-3$ ,
$|j-\ell|\leq 2$ .
9
. $||\varphi_{h}(\xi)\hat{f}_{jk,P}*\hat{g}_{\ell m,Q}(\xi, \tau)||_{L^{2}}\neq 0$ , $2^{h-1}<|\xi|<2^{h+1},2^{j-1}<|\xi_{1}|<$
$2^{j+1},2^{\ell-1}<|\xi-\xi_{1}|<2^{\ell+1}$ $\xi$ $\xi_{1}$ .
$2^{h-1}<|\xi|\leq|\xi_{1}|+|\xi$ -\mbox{\boldmath $\xi$}1|<2j+l+2l+l\leq 2j \ell +2 ,
$h\leq j\vee\ell+2$ .
$\ell\leq j-3$ , $2^{h+1}>|\xi|\geq|\xi_{1}|-|\xi-\xi_{1}|>2^{j-1}-2^{\ell\dotplus 1}\geq 2^{j-2}$ ,
$h\geq j-2$ . [ , $j\leq\ell-3$ $h\geq\ell-2$ .
$h\leq j-3,j\geq\ell$ ,
$2^{\ell+1}>|\xi-\xi_{1}|\geq|\xi_{1}|-|\xi|>2^{j-1}-2^{h+1}\geq 2^{j-2}$
, $\ell\geq j-2$ . , $h\leq\ell-3,$ $\ell\geq j$ ,
$j\geq\ell-2$ .
42 $P(\xi)=\pm\xi^{2}$ . (a) $||\varphi_{hn,P}(\xi, \tau)\hat{f}_{jk,P}*\hat{g}_{\ell m,P}(\xi, \tau)||_{L^{2}}\neq 0$
, $n \leq\max\{j+\ell+2, k, m\}+2$ ,
(4.2) $n\geq\{$
$j+P-3$ if $k\vee m\leq j+\ell-4,j>0,$ $\ell>0$
$k\vee$ -2 if $|k-m|\geq 4,j+\ell+6\leq k\vee m$ ,
. (b) $||\varphi_{hn,P}(\xi, \tau)\hat{f}_{jk,-P^{*\hat{g}_{\ell m,-P}}}(\xi,\tau)||_{L^{2}}\neq 0$ , $n \leq\max\{2(j\vee$
$\ell)+1,$ $k,$ $m\}+5$ ,
(4.3) $n\geq\{$
$2(j\vee\ell)-3$ if $k\vee m\leq 2(j\vee\ell)-4$,
$k\vee m-2$ if $2(j\vee\ell)+7\leq k\vee m,$ $|k-m|\geq 5$ .
.
Proof. Put (a). $||\varphi_{hn,P}(\xi,\tau)\hat{f}_{jk,P}*\hat{g}_{\ell m,P}(\xi, \tau)||_{L^{2}}\neq 0$ ,
$2^{h-1}$ $<$ $|\xi|<2^{h+1},2^{j-1}<|\xi_{1}|<2^{j+1},2^{\ell-1}<|\xi-\xi_{1}|<2^{\ell+1}$ ,
$2^{n-1}$ $<$ $|\sigma|<2^{n+1},2^{k-1}<|\sigma_{1}|<2^{k+1},2^{m-1}<|\sigma-\sigma_{1}\pm 2\xi_{1}(\xi-\xi_{1})|<2^{m+1}$ ,
$\xi,\tau,\xi_{1},$ $\tau_{1}$ . $\sigma=\tau-P(\xi),$ $\sigma_{1}=\tau_{1}-P(\xi_{1})$ .
, 2 , .
$P(\xi)-P(\xi_{1})-P(\xi-\xi_{1})=\pm 2\xi_{1}(\xi-\xi_{1})$ ,
$2^{n-1}$ $<$ $|\sigma|\leq|\sigma-\sigma_{1}\pm 2\xi_{1}(\xi-\xi_{1})|+|\sigma_{1}|+2|\xi_{1}(\xi-\xi_{1})|$
$<$ $2^{m+1}+2^{k+1}+2^{j+\ell+3}$ ,
, $n \leq\max\{j+\ell+2, k,m\}+3$ .
10
{ $k\vee m\leq j+\ell-4,j>0,$ $\ell>0$ ,
$2^{n+1}$ $>$ $|\sigma|\geq 2|\xi_{1}(\xi-\xi_{1})|-|\sigma-\sigma_{1}\pm 2(\xi_{1}(\xi-\xi_{1})\cdot|-|\sigma_{1}|$
$>$ $2^{j+\ell-1}-2^{m+1}-2^{k+1}\geq 2^{j+\ell-3}$ ,
$n\geq j+\ell-3$ . $k\geq j+\ell\dotplus 6,$ $k\geq m+4$ ,
$2^{n+1}$ $>$ $|\sigma.|\geq|\sigma_{1}|-|\sigma-\sigma_{1}\pm 2\xi_{1}(\xi-\xi_{1})|-2|\xi_{1}(.\xi-\xi_{1})|$
$>$ $2^{k-1}-2^{m+1}-2^{j+\ell+3}\geq 2^{k-2}$ ,
$n\geq k-2$ . $m\geq j+\ell+6,$ $m\geq k+4$ ,
$n\geq m-2$ .
(b). $||\varphi_{hn,P}(\xi, \tau)\hat{f}_{jk,-P}*\hat{g}_{\ell m,-P}(\xi, \tau)||_{L^{2}}\neq 0$ ,
$2^{h-1}$ $<$ $|\xi|<2^{h+1},2^{j-1}<|\xi_{1}|<2^{j+1},2^{\ell-1}<|\xi-\xi_{1}|<2^{\ell+1}$ ,
$2^{n-1}$ $<$ $|\sigma|<2^{n+1},2^{k-1}<|\sigma_{1}|<2^{k+1},2^{m-1}<|\sigma-\sigma_{1}\pm 2(\xi^{2}-\xi\xi_{1}+\xi_{1}^{2})|<2^{m+1}$ ,
$\xi,$ $\tau,$
$\xi_{1},$ $\tau_{1}$ . $\sigma=\tau-P(\xi),$ $\sigma_{1}=\tau_{1}+P(\xi_{1})$ . $($
$P(\xi)+P(\xi_{1})+P(\xi-\xi_{1})=\pm 2(\xi^{2}-\xi\xi_{1}+\xi_{1}^{2})$ ). $2(\xi^{2}-\xi\xi_{1}+\xi_{1}^{2})=$
$2(\xi-\xi_{1})^{2}+2\xi_{1}(\xi-\xi_{1})+2\xi_{1}^{2}\leq 32^{2(j\vee\ell)+3}$ ,
$2^{n-1}$ $<$ $|\sigma|\leq|\sigma-\sigma_{1}\pm 2(\xi^{2}-\xi\xi_{1}+\xi_{1}^{2})|+|\sigma_{1}|+2|\xi^{2}-\xi\xi_{1}+\xi_{1}^{2}|$
$<$ $2^{m+1}+2^{k+1}+32^{2(j\vee\ell)+3}$ ,
. $n \leq\max\{2(j\vee\ell)+1, k, m\}+4$ . ,
$2 \xi^{2}-2\xi\xi_{1}+2\xi_{1}^{2}=2(\xi-\frac{\xi_{1}}{2})^{2}+\frac{3}{2}\xi_{1}^{2}\geq\frac{3}{2}\xi_{1}^{2}$ ,
$2\xi^{2}-2\xi\xi_{1}+2\xi_{1}^{2}$ $=$ $\frac{1}{2}(\xi+\xi_{1})^{2}+\frac{3}{2}(\xi-\xi_{1})^{2}\geq\frac{3}{2}(\xi-\xi_{1})^{2}$,
, $2\xi^{2}-2\xi\xi_{1}+2\xi_{1}^{2}\geq 32^{2(j\vee\ell)-4}$ . , $k\vee m\leq 2(j\vee\ell)-3$
,





$2^{n+1}$ $>$ $|\sigma|\geq|\sigma_{1}|-|\sigma-\sigma_{1}\pm 2(\xi^{2}-\xi\xi_{1}+\xi_{1}^{2})|-2|\xi^{2}-\xi\xi_{1}+\xi_{1}^{2}|$
$>$ $2^{k-1}-2^{m+1}-32^{2(j\vee\ell)+3}$
11
, $k\geq 2(j\vee\ell)+7,$ $k\geq m+5$ , $n\geq k-2$
, , $m\geq 2(j\vee\ell)+7,$ $m\geq k+5$ , $n\geq m-2$
.
.
, 4.1, 42 , (4.1) 6
. . , $Q=P$ ,
(4.4) $\{\begin{array}{l}I(1)\cdot.=\{(j,k,\ell,m)\cdot,k<j+\ell-3,m<j+\ell-3\}I(2)\cdot.=\{(j,k,\ell,m)\cdot,j+\ell-3\leq k\leq j+\ell+3,0\leq m<j+\ell-3\}I(3)\cdot.=\{(j,k,\ell,m)\cdot,j+\ell-3\leq m\leq j+\ell+3,0\leq k<j+\ell-3\}I(4)\cdot.=\{(j,k,\ell,m)\cdot,k\geq j+\ell+3,0\leq m\leq j+\ell-3\}I(5)\cdot.=\{(j,k,\ell,m)\cdot,m\geq j+\ell+3,0\leq k\leq j+\ell-3\}I(6)\cdot.=\{(j,k,\ell,m)\cdot,k\geq j+\ell-3,m\geq j+\ell-3\}\end{array}$
, $Q=-P$ ,
(4.5)
$\{\begin{array}{l}I(1)\cdot.=\{(j,k,\ell,m)\cdot,k<2(j\vee\ell)-4,m<2(j\vee\ell)-4\}I(2)\cdot.=\{(j,k,\ell,m)\cdot,2(j\vee\ell)-4\leq k\leq 2(j\vee\ell)+7,0\leq m<2(j\vee\ell)-4\}I(3)\cdot.=\{(j,k,\ell,m)\cdot,2(j\vee l)-4\leq m\leq 2(j\vee\ell)+7,0\leq k<2(j\vee\ell)-4\}I(4)\cdot.=\{(j,k,\ell,m)\cdot,k\geq 2(j\vee l)+7,0\leq m\leq 2(j\vee\ell)-4\}I(5)\cdot.=\{(j,k,\ell,m)\cdot,m\geq 2(j\vee\ell)+7,0\leq k\leq j+\ell-4\}I(6)\cdot.=\{(j,k,\ell,m)\cdot,k\geq 2(j\vee\ell)-4,m\geq 2(j\vee\ell)-4\}\end{array}$
, $F_{\nu}:= \sum_{I(\nu)}f_{jk}g_{\ell m},$ $\nu=1,$ $\cdots,$ $6$ , $fg=F_{1}+F_{2}+F_{3}+F_{4}+F_{5}+F_{6}$
.
$F_{1}$ .
$F_{1}$ 3 . $F_{1}=F_{11}+F_{12}+F_{13}$ , $F_{11}:=$
$\sum_{I(1)}f_{0k}g_{\ell m},$ $F_{12}:= \sum_{I(1)}f_{jk}g_{0m},$ $F_{13}:= \sum_{I(1),j\geq 1,\ell\geq 1}f_{jk}g_{\ell m}$ .




$\leq c\sum_{\ell\geq 3}\sum_{k,m}\rho(2^{\ell})2^{(k+m-\ell)/2}||f_{0k}||_{L^{2}}||g_{\ell m}||_{L^{2}}$
$\leq c||f||_{B_{2,\mathrm{i}_{P}}^{(\cdot 1/2)}},||g||_{B_{2,\acute{1}.P}^{(\cdot 1/2)}}$





$F_{13}\emptyset_{\vec{\overline{l1}}}^{\neg}-\ovalbox{\tt\small REJECT} \mathrm{f}\mathrm{f}\mathrm{i}$ . $Q=P\emptyset\geq \mathrm{g}$ . $\ovalbox{\tt\small REJECT} \mathrm{F}4.2,$ $(3.6),$ $(3.12)$ A $\mathfrak{v}$ ,
$||F_{13}||_{B_{2.1,P}^{(\rho,-1/2)}}$
$\leq$ $\sum_{n=0}^{\infty}\sum_{h=0}^{\infty}\rho(2^{h})2^{-n/2}\sum_{(j,k,\ell,m)\in I(1)}||\varphi_{hn,P}(\xi,\tau)\hat{f}_{jk,Q}*\hat{g}_{\ell m,Q}(\xi,\tau)||_{L^{2}}$
$\leq$ $\sum_{(j,k,\ell,m)\in I(1)}\sum_{n=j+\ell-3}^{j+\ell+4}2^{-n/2}\{\sum_{h=0}^{j\vee\ell-4}+\sum_{h=j\vee\ell-3}^{j\vee\ell+2}\}\rho(2^{h})||\varphi_{h}(\xi)\hat{f}_{jk,Q}*\hat{g}_{\ell m,Q}(\xi, \tau)||_{L^{2}}$
$\leq$
$c \sum_{(j,k,\ell,m)\in I(1)}2^{(k+m)/2-(j\vee\ell+j+\ell)/2}||f_{jk,Q}||_{L^{2}}||g_{\ell m,Q}||_{L^{2}}$












$\leq$ $\sum_{n=0}^{\infty}\sum_{h=0}^{\infty}\rho(2^{h})2^{-n/2}\sum_{(j,k,\ell,m)\in I(2)}||\varphi_{hn,P}(\xi,\tau)\hat{f}_{jk,P}*\hat{g}_{\ell m,P}(\xi,\tau)||_{L^{2}}$
$\leq$ $\sum_{(j,k,\ell,m)\in I(2)}\sum_{h=0}^{j\vee\ell-4}\rho(2^{h})\sum_{n=0}^{j+\ell+5}2^{-n/2}||\varphi_{hn,P}(\xi,\tau)\hat{f}_{jk,P}*\hat{g}_{\ell m,P}(\xi, \tau)||_{L^{2}}$
$+ \sum_{(j,k,\ell,m)\in I(2)}\sum_{h=j\vee\ell-3}^{j\vee\ell+2}\rho(2^{h})\sum_{n=0}^{j+\ell+5}2^{-n/2}||\varphi_{hn,P}(\xi,\tau)\hat{f}_{jk,P}*\hat{g}_{\ell m,P}(\xi, \tau)||_{L^{2}}$
$\leq$
$c \sum_{|j-\ell|\leq 2}\sum_{k,m}(j+\ell+6)2^{(k+m)/2-(j+\ell+j)/2}||f_{jk,Q}||_{L^{2}}||g_{\ell m,P}||_{L^{2}}$
$+c \sum_{(j,k,\ell,m)\in I(2)}(j+\ell+6)(1+j\vee\ell)2^{s(j\vee\ell)+(k+m-2j-\ell)/2}||f_{jk,P}||_{L^{2}}||g_{\ell m,P}||_{L^{2}}$
.
. , $(j+\ell+6)(1+j\vee\ell)2^{s(j\vee\ell)-(s+1/2)(j+\ell)}\leq 2(j\vee\ell+2)^{2}2^{-(j\vee\ell)/4}$
, $c||f||_{B_{2,\mathrm{i}_{P}}^{(\epsilon 1/2)}},||g||_{B_{2,1,P}^{(\cdot 1/2)}}|$ .
13
B6\llcorner .‘7J \not\in f--c-, stJ$>-3/4^{\cdot}\text{ ^{}\backslash }\backslash \text{ }l\mathrm{f},\dot{B}\backslash 7\llcorner \mathrm{J}\not\in-,\mathrm{E}^{P}\#\mathrm{h}\mathrm{B}fl^{\frac{1}{\mathrm{b}}}\mathrm{B}\mathrm{a}|^{arrow}.,c||f||_{B_{2,1,P}^{(\epsilon,1/2)}}||g||_{B^{(s1/2)}},T^{\backslash }\mathrm{B}fl\check{\mathrm{b}}\hslash$) $1’,c||f||_{B_{2,\acute{1}P}^{(\r o 1/2\rangle}}||g||_{B_{2,\mathrm{i}^{1/2)}}^{(\ athrm{S}}}\cdot \text{ }c|\cdot f||_{B_{2,\acute{1},P}^{(\epsilon 1/2)}}||g||_{B_{2,1_{1}P}^{(\rho,1\p ime 2)}}\text{ ^{}\backslash }\backslash \mathrm{a}_{ ,\mathrm{i}}^{\backslash }\text{ _{}P}\check{\mathrm{x}}_{\v e}\check{\mathrm{b}}\backslash$
.
, $b>1/2,$ $s\geq-3/4$ , (4.6) ,
$\sum_{j,k,\ell,m}(j+\ell+6)2^{bk+\{m-j-\ell-j\vee\ell)-(2b-1)(j+\ell)\}/2}||f_{jk,P}||_{L^{2}}||g_{\ell m,P}||_{L^{2}}\leq c||f||_{B_{2,1,P}^{(-3/4,b)}}||g||_{B_{2,1,P}^{(s,1/2)}}$
.
$Q=-P$ , (3.10) (3.13) , $\sum_{n=0}^{j+\ell+5}$ $\sum_{n=0}^{2(j\vee\ell)+5}$
.
$F_{3}$ .













42 , $(j, k,\ell, m)\in I(4)$ , $||\varphi_{hn,P}(\xi,\tau)\hat{f}_{jk,P}*\hat{g}_{\ell m,P}(\xi, \tau)||_{L^{2}}\neq 0$
, $k-4\leq n\leq k+2,$ $k\geq j+\ell+5$ , (3.1) ,
$||F_{4}||_{B_{2,\mathrm{i}^{-},P}^{(\rho 1/2)}}$
$\leq$ $\sum_{(j,k,\ell,m)\in I(4)}\sum_{h=0}^{\infty}\rho(2^{h})\sum_{n=k-4}^{k+2}2^{-n/2}||\varphi_{hn,P}(\xi, \tau)\hat{f}_{jk,P}*\hat{g}_{\ell m,P}(\xi, \tau)||_{L^{2}}$
$\leq$





$Q=-P$ , $F_{4}$ $Q=P$ .
14
$\ovalbox{\tt\small REJECT}$ .
$F_{5}= \sum_{(j,k,\ell,m)\in I(4)}g_{jk,Q}$ f\ell m, , $F_{4}$ ) .
$\ovalbox{\tt\small REJECT}$ .
$Q=P$ ($Q=-P$ ).
$s<-1/2$ , 42 (3.3) ,
$||F_{6}||_{B_{2,\mathrm{i}_{P}}^{(\rho-1/2)}}$
’
$\leq\sum_{(j,k,\ell,m)\in I(6)}\sum_{h=0}^{\infty}\rho(2^{h})\sum_{n=0}^{k\vee m+7}2^{-n/2}||\varphi_{hn,P}(\xi, \tau)f_{jk,P}*g_{\ell m,P}(\xi, \tau)||_{L^{2}}$
$\leq c\sum_{h=0}^{\infty}\rho(2^{h})2^{h/2}\sum_{(j,k,\ell,m)\in I(6)}(k\vee m+8)||f_{jk,P}||_{L^{2}}||g_{\ell m,P}||_{L^{2}}$
$\leq c||f||_{B_{2,1,Q}^{(s_{1}1/2)}}||g||_{B_{2,\mathrm{i}_{P}}^{(\epsilon 1/2)}}$
,
. $k+m\geq 2(j+\ell-3)$ $(k\vee m+8)2^{-(k+m)/8}$ {
$\frac{3}{4}(j+\ell)-\frac{k+m}{2}\leq-\frac{1}{8}(k+m)+3$
, .
$s\geq-1/2$ , $0\leq h\leq j\vee\ell+3$ ,
$||F_{6}||_{B_{2,\mathrm{i}J^{\chi 2)}}^{(\rho}}$
$\leq$ $\sum_{(j,k,\ell,m)\in I(6)}\sum_{h=0}^{j\vee\ell+3}\rho(2^{h})\sum_{n=0}^{k\vee m+7}2^{-n/2}||\varphi_{hn}(\xi, \tau)f_{jk,P}*g_{\ell m,P}(\xi, \tau)||_{L^{2}}$
























5(b) . $\hat{f}_{jk,P}(\xi, \tau):=\varphi j(\xi)\varphi k(\tau-P(\xi)),\hat{\psi}m(\tau):=\varphi m(\tau)\hat{\psi}(\tau)$ ,
$F_{jkm,P}:= \psi_{m}(t)\int_{0}^{t}W(t-t’)fjk,P(x, t’)dt$ , , $f= \sum_{j,k}fjk,P,$ $\psi=\sum_{m}\psi_{m}$
,
(5.2) $F(x, t):= \psi(t)\int_{0}^{t}W(t-t’)f(x, t’)dt’=\sum_{m}\sum_{j}\sum_{k}$ Izh ,P$(x, t)$ .
. $F$ $F=F_{1}+F_{2},$ $F_{1}= \sum_{j}\sum_{k\leq mjkm,P}F,$ $F_{2}= \sum_{j}\sum_{k>mjkm,P}F$ 2 {
.
$F_{1}$ . $\sigma=\tau-P(\xi),$ $\sigma’=\tau’-P(\xi),$ $t’=t\theta$ ,
$\hat{F}(\xi,\tau)$ $=$ $\frac{1}{2\pi}\int e^{-1\tau t}.\psi(t)dt\int_{0}^{t}e^{:(t-t’)P(\xi)}dt’\int e^{u’\tau’}\hat{f}(\xi,\tau’)d\tau’$
$=$ $\frac{1}{2\pi}\int e^{-1\sigma t}.\psi(t)dt\int\hat{f}(\xi, \sigma’+P(\xi))d\sigma’\int_{0}^{t}e^{\sigma’\#}.\cdot dt’$
$=$ $\frac{1}{2\pi}\int e^{-\cdot\sigma t}.t\psi(t)dt\int\hat{f}(\xi, \sigma’+P(\xi))d\sigma’\int_{0}^{1}e^{1t\sigma’\theta}.d\theta$
$=$ $\frac{1}{2\pi}\int_{0}^{1}d\theta\int\hat{f}(\xi, \sigma’+P(\xi))d\sigma’\int e^{-:(\sigma-\sigma’\theta)t}t\psi(t)dt$
$=$ $\frac{i}{\sqrt{2\pi}}\int_{0}^{1}d\theta\int(\hat{\psi})’(\sigma-\sigma’\theta)\hat{f}(\xi, \sigma’+P(\xi))d\sigma’$ ,
16
. ,
(5.3) $\hat{F}_{1}(\xi,\tau)=i\sum_{jk}\sum_{\leq m}\int_{0}^{1}d\theta\int(\hat{\psi}_{m})’(\sigma-\sigma’\theta)\hat{f}_{jk,P}(\xi, \sigma’+P(\xi))d\sigma’$
.
$-\text{ }$ , $\varphi_{n}(\sigma)\gamma_{k}(\sigma’)\hat{\psi}_{m}’(\sigma-\sigma’\theta)\neq 0$ , $|\sigma-\sigma’\theta|<2^{m+1},$ $|\sigma’|<2^{k+1},$ $|\sigma|<$











. $C_{1}( \psi)=\sup_{m}\{2^{m}||\hat{\psi}_{m}’||_{L^{1}}\}$ .
$F_{2}$ . $\tau’\neq P(\xi)\neq 0$ , $\sigma’=\tau’-P(\xi),$ $\sigma=\tau-P(\xi)$ ,
(5.6) $\hat{F}(\xi, \tau)$ $=$ $\frac{1}{2\pi}\int e^{-it\tau}\psi(t)dt\int_{0}^{t}e^{i(t-t’)P(\xi)}dt’\int e^{it’\tau’}\hat{f}(\xi, \tau’)d\tau’$
$=$ $\frac{1}{2\pi}\int e^{-it\sigma}\psi(t)dt\int\hat{f}(\xi, \sigma’+P(\xi))d\sigma’\int_{0}^{t}e^{i\sigma’t’}dt’$
$=$ $\frac{1}{2\pi}\int e^{-it\sigma}\psi(t)dt\int\frac{e^{i\sigma’t}-1}{i\sigma},\hat{f}(\xi, \sigma’+P(\xi))d\sigma’$




$T^{\backslash }\backslash \hslash$. $\not\in^{-}\check{\{-}\tau^{\backslash }\backslash F_{2}\epsilon$




$F_{21}$ . $\hat{\psi}_{m}(\sigma-\sigma’)\gamma_{k}(\sigma’)$ , $|\sigma-\sigma’|<2^{m+1},$ $|\sigma’|<2^{k+1}$ ,
$\varphi_{n}$ , $\varphi_{n}(\sigma)\hat{F}_{21}(\xi, \tau)$ $0\leq n\leq k+2$ D .
$\int|\hat{\psi}_{m}(\sigma-\sigma’)|d\sigma=\int|\hat{\psi}_{m}(\sigma-\sigma’)|d\sigma’=||\hat{\psi}_{m}||_{L^{1}}$ 22 ,
(5.9) $||F_{21}||_{B_{2.\mathrm{i}_{P}}^{(\rho b)}}$. $\leq c\sum_{j}\rho(2^{j})\sum_{n=0}^{k+2}2^{bn}||\hat{\psi}_{m}||_{L^{1}}\sum_{k>m}2^{-k}||\hat{f}_{jk,P}||_{L^{2}}$
$\leq$ $c \sum_{j}\rho(2^{j})\sum_{k=1}^{\infty}2^{bk-k}||f_{jk,P}||_{L^{2}}\sum_{m=0}^{k-1}||\hat{\psi}_{m}||_{L^{1}}$
$\leq c\sum_{j}\rho(2^{j})\sum_{k}2^{(b-1)k}||\hat{f}_{jk}||_{L^{2}}C_{2}(\psi)$
$\leq cC_{2}(\psi)||f||_{B_{2,\mathrm{i}_{P}}^{(\rho b-1)}}.$ ’
. $C_{2}( \psi)=\sum_{m}\{||\hat{\psi}_{m}||_{L^{1}}\}$ .
$F_{22}$ . $\hat{\psi}_{m}(\sigma)\neq 0$ , $2^{m-1}<|\sigma|<2^{m+1}$ , $\varphi_{n}(\sigma)$









. $\mathrm{Q}(\psi)\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\{2^{m/2}||\psi_{m}|\ovalbox{\tt\small REJECT}_{2}\}\ovalbox{\tt\small REJECT}||\psi\lfloor|_{B\sim}$ .
5(b) .
6 . $g(x):=f(\delta x)$ ,




. $\delta=2^{-p},$ $\eta:=2^{p}\xi,$ $p$ , , , $\sum_{j=0}^{\infty}\varphi_{j}=1$
$\varphi_{0}(2^{-p}|\eta|)=\sum_{k=0}^{p}\varphi_{k}(|\eta|)$ [ ,






$N(u,\overline{u})=c_{1}u^{2}+c_{2}\overline{u}^{2}$ . , $\lambda>0$
(61) $\{$
$\partial_{t}v=i\partial_{x}^{2}v+\lambda N(v,\overline{v}),$ $x,$ $t\in \mathbb{R}$ ,
$v(x, 0)=v_{0}(x)\in B_{2,1}^{s}$
.
, $P(\xi)=-\xi^{2},$ $s=-3/4$ , $\psi\in \mathrm{C}_{0}^{\infty}(\mathbb{R})$ $|t|<1$
$\psi(t)=1$ . , $\alpha=||v_{0}||_{B_{2,1}^{\mathit{8}}}$ ,
(6.2) $v^{0}$ $:=$ $\psi(t)W(t)v_{0},$ $\{W(t)f\}(x, t)=\mathcal{F}_{x}^{-1}e^{itP(\xi)}\mathcal{F}f(x, t)$,
(6.3) $B(v, w)$ $:=$ $\psi(t)\int_{0}^{t}W(t-t’)\{c_{1}v(x, t’)w(x, t’)+c_{2}\overline{v}(x, t’)\overline{w}(x, t’)\}dt’$
19
, $v=v^{0}+\lambda B(v,v)$ . $v=v^{0}+w$ ,






, 5 $v^{0}\in B_{2,1,P}^{(\epsilon,b)},$ $||v^{0}||_{B_{2,\mathrm{i}_{P}}^{(\cdot b)}},\leq c\alpha$ , 3
$c_{1}(v^{0})^{2}+c_{2}(\overline{v}^{0})^{2}\in X$ . 3, 4, 5 ,
(6.6) $||B(w_{1},w_{2})||_{X}$ $\leq C_{1}||w_{1}||_{X}||w_{2}||_{X}$ ,
(6.7) $B(v^{0},v^{0})\in X$ , $||B(v^{0},v^{0})||_{X}\leq C_{1}C_{0}^{2}\alpha^{2}$ ,





$\Phi$ $M=\{w\in X;||w||_{X}\leq\beta\}$ $M$ .
,
(6.10) $0< \alpha<\frac{1}{4\lambda C_{0}C_{1}}$
, $\beta$ : $\lambda C_{1}C_{0}^{2}\alpha^{2}+2\lambda C_{1}C_{0}\alpha\beta+\lambda C_{1}\beta^{2}=\beta$ ,
. ,
(6.11) $\beta=\frac{1-2C_{0}C_{1}\lambda\alpha-\sqrt{1-401\alpha}}{2C_{1}\lambda}$
. , (6.9) , $||\Phi(w)||_{X}\leq\beta$ .






, $\Phi$ . , $w=\Phi(w)$ $M$
.
20
, $v\ovalbox{\tt\small REJECT} v^{0}+w$ ( $6.\mathfrak{h}$ $t\mathrm{C}(-1,1)$ .
$u(x, t)\ovalbox{\tt\small REJECT} v(\delta^{-1}x,$ $\delta^{-2}0$ , $v$
(6.13) $v_{t}=iv_{xx}+\delta^{2}N(v,\overline{v}),$ $v_{0}(x)=u_{0}(\delta x)$
. , $\delta=2^{-p}$ , ($p$ )
(6.14) $4C_{0}C_{1}||u||_{B_{2,1}^{\epsilon}}<\delta^{-3/4}$ ,
, 6 , $||v_{0}||_{B_{2,1}^{\epsilon}}\leq\delta^{-5/4}||u_{0}||_{B_{2,1}^{\epsilon}}<1/(4\delta^{2}C_{0}C_{1})$ ,
(6.13) $v$ . , $u(x, t)=v(\delta^{-1}x, \delta^{-2}t)$ Schr\"odinger
(1.4) $(-\delta^{2}, \delta^{2})$ .
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